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instrumental error. The iiifluence on t,hc dust tmiperii- 53. 
ture (sf the pnfisage of $11~ plindow of a cumulus cloud is 53.1 

51.9 shown in the following t.rll110: 3:21 ._..._.__.__._ 51.6 

3:09.. . . -. . -. . _ _  _ _  
3:!7 .............. 
3%. . .. .. . . . . _. . . 

About sunrise tlie nest morning it was found that the 
temperature in the dust WLS about 27.8' C., in the air 
about 1 metar nbore tlie ground, 25.9" C.,, nncl in the grass 

(142' F.) W;LS oht.aiiied: in t!he grass 48.6" C. (130' F.) : 
in the air about, 3s" C!. (101' F.). In  this case it is noted 
that the breeze seenied to make litth difference with the 
temperatures of the dust. The masiniuni teniperature 
was obtained vihen the thermometer was placed in a 
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24-70 C!. Ill the aft,erllooll, wit,h the thermomet,er placed 
under 3 or 3 mni. of dust,, n tempernture of 61.3 c!". 

3:27:30. .-. . . . . . . . 45.3 

3:33.. . . . . . . . . . . . . 40.5 

expected to be com.parcrb1e. 
8 o'clock in the eveniii 

The taking of reRdings before 
is not to be recommeiicled for 

amy pur ose, owing to % t e extreme differences thst will 
be intro $ uced in the averages. 

rosimate meaiis introduce rathor large errors, especial P y 7 

When daily means are used in the suninintion of 
effective temperatures, or of temperature co-efficients, 
for the study of thermal iiiiiueiice in botany and zoology, 
thermograph nvera.ges alone should be used, since a - 

c uring the spring months, as is sho\\-n in Table 1 .  
The U. S. Weatiier Surenu practice being to average 

the temperature estrenies Dom iiiiilniglit to midnight, 
the normals so computed arc adequate for meteorologic~al 
purposes. In the case of cooperative obserrers, u-110 
have no therniogrnpii record by miiicli to do titis, records 
taken at 8 o'clock in the evening appear to be the most 

Sun h3d been'shining for some time. 
Begid ofcllmulus sl,sdo\v. 
Inrlood%ndoa. Skycover0.6St.Cu.,O.2C1.St. 
Bt.ill in shadow. 

Slm~&,pearing. 
Strogyl ig l l t .  

I.bo. 

D ~ .  
Under grass. about 1 cm. Irom top 01 s. and so 

p l a c a t  direct sunlight did not stncbulb.  In 
poor aircirrulation. Strong sunlight. 

S m ~ ~ P w l l r e '  

Ligt:.louds- 
Verv lightclouds 

-<ir temperature on roof of mreestmy building in t h e  
Be&niug of thick cloud. Gusty east rind. 

mometer shelter. 

TABLE l.-SummatiOn of ddly mean temperatures above J9O P., %&I, 
N. Y., 1916. 

(From Apr. 11 to the end of the month indkated.) 

I April. I May. I June. 1 July. 1 nupast. 

!l!hennograph _._...... 
Midnight _._.......... 
9p.m ...___.._....._. 
5p.m _._.__.......... 

desirahle if niasinium tlnd minimum thermometers axe 
in use, since the errors of computation introduced are 
not esmssire, and the hour is convenient for the observer. 
Rhe11 tlie variation of the esposure of the instruments 
is considercd, it is doubtful whether any important gain 
iil the acciiracy in the mean temperature for a month 
would be secured by furnishing cooperative observers 
with thermographs. Such are essential for biological 
purposes, however. 

HIGH RELATIVE TEMPERATURES OF PAVEMENT SURFACES. 

By G. S. EATON. 
[Abstracted from the Engineering New-Record, Nar. 27,1919, p. 633.1 

Mxsimum temperatures, relntirely high with res ect 

versa I Portland Cement, C'o., on nspha&, brick, and con- 
mete surfaces. Froxn 11 a. ni. to 6:30 p. m. the average 
readings for the three ty es of suifaces in tlie order 

terest with respect to the effect of these high temperatures 
on rubber tires, horses' hoofs, and shoe leather. It, is 
known that a large part of the tire trouble ex erienced b 
motorists is due to espansion of the air due t80\eat. Hi& 
pavement tempera tures would doubtless play a large part 
in aggravating this condition. 

to ad'acent locations, were found by enoineers of the P Tni- 

named were l lSO,  l lSo ,  nn 4; 10s". This is of special in- 

157307-2- 

"Durino tlie middle of the day the effect of the ave- 

from 32, to 45' hi her than over a lawn in the sun. Tem- 
perahres above t a e pavements were found to be much the 
same, however, re ardless of the ty e of surface. Over 

concrete and one-half degree higher than above the brick. 
-4ft.e.r 7:30 p. m. the t.em eratures above the surfaces were 

presence of large lawns and shade trees probably hastened 
the cooling and somewhat different results might be ex- 

ments in Reatin the air above them was noticeab P e, as 
thermometers 1 5 oot and 4 feet above the roadways read 

the asphalt,, tdierea 2 ings averaged 1' figher than above the 

practically the same as t, 1 ose of the surrounding air. The 
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pected in the closely built-up sections of a city. Tem- 
ueratures in the shade, 30 feet away, were not influenced 
by the pavements.” 

These tests were made in Riverside, Ill., far enough 
inland to escape the lake breeze and all the pavements were 
in the same vicinity. Weather conditions were ideal, as 
the sky wm clear, and t-he njr t-emperatures recorded a t  
Chicago were. the highest of the summer. 

“For each pavement, readin mere taken at the sur- 

roadway in the shade of a lawn. An additional set of 
readings was taken 4 feet, over grass in the sun. Thirteen 
standard 25 cm. Fahrenheit thermonieters wese used, each 

rotected from direct sunlight by a white paper or paste- 
goard cover. Readings were taken eresy half hourfrom 
8 a. m. to 10 p. m.” 

face, 1 foot and 4 feet above, an ? 30 feet to one side of the 
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FIG. 1.-Surface temperatures for various types of surfacing. 
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FIG. a.-VarIation between asphalt surfaces and various adjacent Iceations. 

Figures 1 and 2 show sets of readings lotted between 
temperatures as ordinates and time of lay  as abcissae. 
‘‘Figure 1 shows the difference between the various pave- 
ment surface tem eratures and also the readings over a 
lawn in the sun. !he drop in the brick tern erature curve 

station on account of the encroachment of shade. No 
point could be found on tqhe brick surface that was in the 
sun for the entire day. The rapid drop in the same curve 
between 6 and 8 p. m. was probably due to the proximity 
of the Des Plaines River, as air temperatures tal- \en near 
showed a similar drop. Figure 3 shows the relation, for 
an asphalt pavement, between tern eratures at  the sur- 

to one side of the roadway.”-C. L. M. 

at 1:30 p. m. was due to the moving of t P ie observation 

face, 1 foot above, 4 feet above, an cp in the shade 30 feet 

COMPARISON OF ROAPSUBQRADE AND AIR TEMPERA- 
TURES. 

By C. C. WILEY. 
[Abstracted from Enginemlug NewsRecord, July 17,1919, pp. las-l29.1 

“Investiga,tions were started at  the University of 
TUinois in the belief that some of the phenomena of 
cracking and heaving of brick and concrete roads can be 
esphined by a study of the range and rate of change in 
temperatures within the pavement and in the under- 
lying soil. The observations will extend over a con- 
siclernble period of time to obtain data concerning some 
of these factois” Preliminary records show that 
changes in temperature are transferred very slowly from 
the air to the subsoil, and that the subgrade extremes 
ltto considerablv behind those of the air. 

”The fact  t h t  the changes of temperature a t  the 
bottom of the slab are considerably slower and much 
less in magnitude than those of the air may be worth 
coilsidering in connection with protecting a new pave- 
ment from freezing. Also it may be noted that the 
clim e from msinium to minimum temperatures in 
the s 7 ab takes place over a considerable length of time, 
durinu which the slab and subgrade have an o portunity 
to actust themselves to the changed con g itions.”- 
i!. L. M. 

PENETRATION OF PERIODIC TEMPERATURE WAVES INTO 
THE SOIL. 

By IC. AICHI. 

[Reprinted from Science Abstracts, Sect., A, Mar. 31,1910,~24U.l 

The paper deds in a theoretical manner with the con- 
cluction of heat through a substance such as the soil. 
In working out the allnuit1 temperature wave n.t  depths 
of 1 m., 3 in., and so on from that at  the surface it is 
c,ustoninry to assuine the conductivity and specific heat 
constant throughout each layer. This is fur from being 
the mse, n,nd it is shown that the assumption invalidates 
the results of such calculations. The ratio of the con- 
ductivity to the specific hea.t can be obtained (1) frpm 
the change of nmplitucle of the temperature wave with 
depth, mcl (a) from the retardation of phase, and in cer- 
tain prac t id  esamples to which the formuls are ap lied 

(1) and (3) are in very poor agyeement. I n  the aper 

J. 8. Dz. 

in the custoniary inanner it is found that the results P rom 

wrtnin cases where the conduotivit varies with i opth 
in a specified manner are ’ treate C T  mathematically.- 

NEW METHOD OF REDUCTION OF OBSERVATIONS OF 
UNDERGROUND TEMPERATURE. 

By K. Axcm. 

[Abstmt reprinted Iron Science A b t m t s ,  Apr. a0,1919 p. 161. Art. in Phys.-Math. 
Soc,, Japan, Proc. 1 (Sm. 3) pp. 2-7. .fan., 1919. J 

A further discussion concerning the passage of the 
annual temperature wave downwqd throu h the spil, 
where the conductivity IC and specfic heat 8 vary mth 
depth, see Abs. 240, 1919. If temperature observations 
were available at  all depths, R and C could be calculated 
uniquely ns functions of the de,  th, but actually, where 
observations at  certain specifief depths onl are taken, 

methods of calculnting the “ equivalent dausivity ” of 
the layer between two points of observation are discussed 
and numerical examples are worked o u t . 4 .  8. Di. 

a definite solution of the problem is not possib T e. Various 


